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THIN FILM AND FILM FORMING DEVICE 



(57) Abstract: 

PROBLEM TO BE SOLVED: To form a metallic compd. 
thin film stable in characteristics at a low substrate 
temp, at a high speed by preventing a damage from being 
provided to the thin film. 

SOLUTION: This method for forming a metallic compd. 
thin film is the one in which a stage for forming a 
metallic ultrathin film composed of metal or the 
incomplete reactant of the metal on a substrate in a 
vacuum tank 11 and a stage in which this metallic 
ultrathin film is brought to contact with the active 
seed of an electrically neutral reactive gas and the 
metallic ultrathin film is made to react with the active 
seed of the reactive gas to convert it into the metallic 
compd. ultrathin film are successively repeated and the 
plural layers of the metallic compd. ultrathin film are 
formed and deposited by which the metallic compd. thin 
film having the objective film thickness is formed on 
the substrate. 
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fc**BS*R«»tf**Xgi:. CO 

&BHaRi-B*«K*afc£fcte*"x©jsaa** tt 

jeu. fc»ts«jffiWH$«»iifcja • aa* actic 
*y. gttfci-5R»©4RtofcaaH£afi-tK»j£ 

-v* 'j y we?b** i i=Ee©*R<tsa 

m**3] ^«aaiiBi©»^sjiffiiR*aic*yft 
fc5R*a 1 i=iett©dmts ! tsjapsi©»fiJ*'3*. 
[b*«a] uMESJSiitfxroa-tea^ *a**a 

R*a i ~ 3 ©L\r*J*-*ClBa«>*R*a»B*M> 
IB** 5] KIStt#X$a»A.LT?B»««**BP» 

i=4»itostta t *aaaa t r *£ica#x ? 

©£ JfcttrfX 1 5 X-7 6 fcWtfPC S> SB* fc * 
*>£Mimz\- ! 7v7l'» -IS* RaWl=«ftt«>aa 

asa^Micaifl-ttutts-f y •> KtaivcaRMu* 

jRytoLT&Ra»RfcatttfL*>E«£*a*ai ~ 
4©iv?ti>-a«=ER©**'it , &aBR©»fiE2r}*. 
[R*a 6 ] may y •> K6< v ■ t/<^/ v - <? 
y ? F*fcf*-7ju^ • xy t» H • ? 'J 'J FTfc*R#« 

&aaara t sfctetfx ©stia t sec* l*>x&b 

R?n*;v/->l=£l£ttff AtfE-V*-* C t fc»Jtf 
*BR¥Si:Sft* : «S<HSEB^n*X*/->tK* 
^n-bx7->t(0M'C*fi*«»[el«y>S^'C»^ 

mil. &aitsa&»«£a»it»/a-*a**>cfc 
ic*y. ge«)i:-r4R»©*Btt£aaR£»a.ti:^ 
sttizi saa^-sa bsx. 



t : C©*Rffl»HI-B«WC*afcEfc1S:tfX©31i 
fiB*LaTaRft*B«BRfcR**La*xa*ff 

a^a-bx , /->fc£*6^°-bxy->tsaisiw. s. 

ayaLxaa. nu. &R<fcsasaasaRin& 
a-aa-r-scfci^y* Bwtt-sRa©**^^ 
aa«*«±^»«r s - 1 saat-r *aasa. 
ia*«9] aasf5it**x©stta*^v*^*fc 

*b 7 * ti* a izer© aaaa. 
[R*aio] aEaisasfeft-r«si4a*±aa 

y. kie14**x-<^>. a^fc^t;aawi-*ii<Disii 
a t saasa 1 1 ssfcit at* 

?u m«wi=*te<ostta*a«?«ii=ajft-tt l 

□ -t a caaf *a*a 7 ~ 9 o> t>r^^-at- 
isaco«Rsa. 

• yy v K*fci*Tjt* • xy -y h • ^"y Kx-fc-sw 
*ai o(~Btt<oaaaa. 
[w^ta 1 2 3 me5£ iia*ftaa<osR;i± a ^7 
xv*4atur» HUttcDRaaroxawaaca-f 
/n*<Da«?Rau croa-<^*att(-i ookhi 
- a o m h z ©isfjaaa* ££n»n ur ^5 s*4 $ 

eoaasa. 

tw*ai3) ttiE3ttaft±RR©£f&tt:*>x^ 
3-Y^©a«SE«L. croiwa*tt=i-<;uaai=i 0 

OKHi'-4 0MHi«5j[ffl«IAi91lOtX^7X7 
•5Ka»£S??X^«4a£FBl**W#a 

[«*ai4] «BStta*a$ER«>aatttfx75 

tt©a«*Eat. c©^a«aai= 1 o o k h z ~ 4 

0 m h z ©Kraft** « wa l-c ^7 xt * * 4 

§**££$:'7X7£±aSffl^*W*«"i oi=rea© 

aasa. 

[R*«lS] fflE31±«5E^3ia©SP5tt^X^7 

x?*±si!i:u-c. jRic^xjeiMwepiea-r^ttwa 
«sfci*M*ttt©3-r ;uaa^Rau> c*it.iai= 
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X?«£X*ffilt«|lt*ffl Of=Ett(0*n*ft. 

«** i 8 J *«l=&Nt«**M*|fot**fc» 

«R 7 *fcf* 8 f=Bftejttttt. 
[»*«19] W**7*fc|*8!=KHo«B»«T. 

iS^E'^ 

«M(0»kx«* u »«n-KS-rtM- a4K7 

[000 1] 
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CO 0 0 3] L*L»*attttT©|»«[*»*. 

© ^^xvfcfe y«s©s«±#4»fti: i o o-cuit 
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«*«:M*jift» MM , W( . tWi|4 

»*t«fit*^*»«ffl«§rtils : ox (x< 2 ) ±* 
0I=*TLTL*5. 

[ooos] *fc = 0W*ALfcfi* tt3 yj<*t. 

SET"?* 0 *- 

[0 006] MMBKfcfcluvct. sfeKSSflt 
FMfasttfta (WMU fcj:,rj|»MO«at 
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/4KT«fc». affiSWofctt* ©fl? 

£i=*yaa©aj«aiflu *is*;u*-. aaas^ana 
©antsy. ?5X7^2^©itate©jsi.vtt#-s 

#.t©a *< ran t a y fc^aaasx/ < ? * y >$ttb 

CO 0 0 7] *ffi(|AI4*lC. iUT<Dtt*«fTfc-3fc. 

o y>yic,fcy*$:,a©£a*<bfc*Ba 

fcttffX ©-f * ^ e- A $ JRtf L TBHb >a©aa 

fcaaaaaacaa-rsxatsayfiu »ra©a 

K©Sfc*<b£fciWlS»»SM-*. (tt*MB8 - 19 5 1 
<Z> X/<y$ y >^I=J: 4M»6«4mitlil 

*aib£tt*a€*Br«. (»HV8 - 1 7 6 8 2 1 

y. 7^5/ *k y->a«. 
-a«*a*a*r*<*<i&s-<?»y. $&icc*T.f,ir«t 

l\ *££©>¥&. x^y->«Sf3S©Jf*| = j:«« 

©H«fi4«ft«CtA<i|a|MLfc. Sfc©©;*a:tt«*?& 

* (Ar-f*->, EfcffX-f^i/, t??XTfc 
LT»Bl=atf*4fcat>. «Btt?l=J:?TS&fcBff 
t»*4*io-3**aiBi=5fji-2;$4C**fcy. a 
a©*SK±£ $ £ c s-e-fc y -r * c t mm t fc. 

[0 00 9] 

[*W*<*ftLJ:?{:-r«M|] *ft«f*. £«saa 
l=*f UTBfl: • 2-lb • *-Jb*©Kfc£fT&l->fc;l<f,Bfg 

BBoaataa-f «i=*u aai=»r*f >-s?s 

IfcitU t*tt©SSLfc*Mlb^ttsS|l8l5ffiaTlc»S 

[0 0 10] 

[!»!£*&***:*>©¥«] *»BJi©*Bfc£»aS 

oiammt. x^»n-c»«±ic4«^^Lft«©^ 
S£££&fr&a*&aaaa£»fi!it-sx«*. c© 
^laaiMiiciaw^'i'tt^JEtStt^©, 1 *^^/!* 

*LA. aBaa»£jRfcte#X©att«i£fiJSt!-L 
*TftBfcft*W*Bn:a&#L<ft<&X8&SB*My 

su *Bib«&a*B*tttta«a • im-tzztiz 
*y. iw*r*aa©sfeafc*aaa*»a±i=»a 

tooi i] &afflaa©»/ai*. ?^hD>xA-y 
* y > v a. xaa a arte ±f k j: y ff e 5 c t » x- * . 



* ho>x/<?* y>«r«cj:y. *m*-v~j 

(.M*aa©*5±fcate*bfc3:frBffla«£, sra* 
*'x t ©s«;i= ^ y ^atesfcaaaf-aat* l » sx 

5^*eiftttc4«tt3i£aaaB*<*a-cft 
[ooi2] *ain©/«a««tt. *aft^«ja«^« 

a*t<&feJ6©£B'?&-3T\ 7y*hP>X/<»;?'^ 

atubic. *a*i->L4a©^a±si5^6'ss*a 
aaa^adtf *iasff>s5*a^D-txy->t ; 

c ©aaa»a»=a«wi= * tfttfijstt ©stta * 
»tti*-L4t>. ftafflSHtfijjiitfxrojsttaisfitt: 

* l M)Taa«:aaaani=aa«Ltt«xaaff a 5 
**y->fc0ra-e»**aflw-«iias*afc : *b* 

□ -bX'/->fcSJC^n-feX:/->t$2«M. E*>6<» 
l=»BUraR^o -b x 7->l=fil5tt*-x4taA-f 5 
wfc*BJtr«BB*a£:£A*. . aaaBB7o-tx 

v-i/ 1 aa^n -b * i/- > t ©ax-aasaasa y 
iguraas, aau aaib«aaaa$aaaaa - 
«a**cit*y. Ba^-r^aaoaaibaaan 

□>x/<?$ y >7aai=«fK.TX£aas«i=i£ffl?- 

fi2*a^a#ai=«fe its « ? c t t-es 

[00 13] 

[%w©aa©»a] aifcj:i;H2i$. ^w©aa 
aaaaa^vaa^o^TatiMa'cay. b i a< 
±eb (*)*y*»r^*5i=-aaa€LTft«) . a 
2*«Bi©aA-B-ci=»-3feWBH-ek*. xaa 
1 i rt©aHR©a«^;u5r i 3©@yi:i*. x/<v^ 
y >ya»2 i.4i tsteffla±aae i mm**) 

i.4i ©aa*<-tti^fijH^o-bxv-> 2o. 4 
o*a*L-ci'«. Hi-pis, a%«2aa©«a$x 
'<99y>{rt-«=^taatTX/<99y vy««2 
i. 4 1 taoaitiaataLTL**. istta 
ft±aa6 i te*v jry K8 i ©iR®A<sa;^o-bx 
y->6o$«a-r*. 

[0014] aa*;uyi 3ir»a**ifc»a c^si* 
t) I*. ^-^ 1 7i=«fc«as+;uy 1 3©Baicff4 
*«^n-bxi/->©irtEBT;s i se©&aa»a*< 

H5fll5$*t» fiJE^n-bxy— >©57ffir-s i 02 aeicaj 

»$KTfiaa<b%as»aA<ji5/di:$ix-5. c©»^$« 
yarztti:«, aaa4baaaaa«<aaaaa • 
aa*4ix. *»M/*§wt-r*aa©s i 02 a©a 
«*%«t$*is. *aaT?o5aaati*. aaa^a 
MaaasftraawsaairfcSwi:*^ z©«r 
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Rro»*l*fi*T&$A f , 0. 1~2 0*>^ho- 
AUK. fc*lM4 0. 5-1 0^->^7. ha-ASJt^ 

[0 0 1 5 J S i«*<Z>fcai4. DC7y*hO>X/?-; 

y*5KT?S i 02 . T i O2S?<0£Kte*1*sMM<?»€> 

80 I*. X/<9*M2 1. X/^*aa2 3. di-y 
9 h2 9. 7./<l'^*X^>'<2 7, 7X7P-3>h 
□ -52 5. 8ft& (iS»*«) 1 2* £.111/4**1*. 

*ffi*>7i 6ic*yx^/s*ws**T.fc*s»i i<d 
sunn 2W=, x/<»*iB©T*:f>*fx*w** 

[0 0 16] 5— Vv hZ9t LTI4. A I . T i . Z 
r. Sn. Cr. Ta. Si. Te. Ni-Cr. In 

-S nU ea>*M9—rv MWflH&fc. fiJBttffX© 

Stt««)»ltl=J:y» A I 2O3. T i 0 2 . 2 r 0 2 . 

Ta 2 05. S i 02 *<03t^ffl«t^Lffc*H. I TO? 

©ap*H, F e 2 03££f<7)8l1$]DL T i N. C r N. T 

1 C>Sif©iaai0|fc**v5. T i 02 . Z r 02 . Si 

0 2 <a£?ft£t*&®&M<t^4fe[±. *l(Ti, Z 

r. s i ) tzx.<<.x,i>j* y >yafiE^«J»i=a<*« 

[0 0 17] £fe. 9—f'J h 2 9 fc LTS i 02 

W**158-f«Ctt-t?*5. C*U4. S i 02 0>X'*v 
9 'J >Cffc*ys i O x (x<2) <D«fc5l=BHK©*ii 

aiHi*, «faa>s(c:^o*^'/->6 ojzas^xssnc 
s i 02 wmmzm&istiz,. t*c*?s>. **wct»3 
aKfflaHfci*&K*&fc4a»m<0tei=s i ox (x 
<2) ©,fc7ic&a<o^±£jsi^bfc*a»H£t 

6 OKfcurs i o 2 a5E©4«BMb«a?IKi=K«l*ti 

[0 0 18] SlC^D-trXV— >I4. ±tLr^fttt56 
£SS6 1 . yij 9 KB 1 . ffiKffi 1 

£ 6 3 -C-fltWi:: J: y ± Cfc ?5 X-7 4>l=tt -f f 

t-fS. *ftMTI*yj V K8 1 i~*y. 

— >6 0l=a*vh.. waa^T:****. 

I47'J >;>K8 1 £iiia-C-5l"S)t^O-fe^ , /-^6 0IZ 



->6oi-fci*r. iKawMiiWKitt^iraa*^ 

ftSKT (fgMLT) KCU S i ap©& R** S> S i o 

jfittS (ret i c a I ) T?fcy. -ffllU±03P»«^ 
£*r*«*£fct4#*--C?ft*. £fc, ftfittfi (ex 
cite state) £14. I*;Mr— <D*=t«l^ 

[0 0 19] 4M*4LM*fta»^FS±fl:« , 1!J* N &*a 

yt. 5Stt«fcts.i<^i?*;k i*fi« 

V ©^WlcStt-Cfty . fr-5WW:*ttft»T4«ft 
WEBCfelvc. *SMca»S« *fc, ffl 

lb¥Sl57a-fe*i* ««7P-»:X£Wtl=tf» 

[0 02 0) 31!fc«IE£3E«6 114. WtofrWt*,* 
l*tu. K£#*:75X-?«£:£6 3. 7^X7£$8££ 
««tc«X0««6 5. WBaaa6 9fc£ft*.rt:KflW!. 

B**X^>^7 ^A^b?7.'7□-a> hO-7 7 1 

C1±tfX^5X7S6 3©>rnEI=«E$*tf=3-f^tt 

[0O2 1) BL&teXxtLXte. BfSR. ^-7>*©H 
x. cf 4 afflJSIHbtt^XJicifA^^bH*,, SJCtt** 

x^5XTsstu-ci4. Rrci$**x^7x^ieam©n 

M^f:l4W«l=*«*»ltfcRW*t*S^7X-7M. S 
*tt«S!^7XT3!i. Ra»« • SMtt^SSi^vX 

14. KlTcDt©*^lf 

[0022] (1 ) BK EElcH^Ufc^^X^aS : 

X7»"X»SI6 30)X>lifflii:3-f ^*«)M6 5 
SE«L. Cffla-f/^tatlOOKHt-AOMH 

z omm a« * s wto l t ^ ? x-? * -t* 4 K*fs 

SS^Xv^StJS. 
(2) BSIZ^Ufc^vX-yaS: RSttroeS**?^* 
fflWaft*^ 5> <t * StBft 7? X 6 3 (7)*3i 

(ttay«*«e) ro=i-r;ua«9 1 «sa 
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U tJ)l§Jtt3'fJI'(S9 1 |C1 OOKHz^iO 

m h 2 0522 $ Bn»o l r 7 s ? x-7 £ * -e- « r 

m*£-£$l7yX-7%&m. 122 (B) ttSSMStta-oua 

(3) El4l=^U/-^5X^3!i:SI5ttA-^^5X^Je 
£26 3<Dl*)f|W::l|lfc#<D2«9 3£E2U COJJJMS 
tt*ffl9 3(=1 0 0KH*~4 0MH2©2HJ22A£ 
WAD LTT f =? Xv SfciEJ^SSafBSfi?? Xv«£ 
2. 

(4) 05l=^tf=^7X^3S : Sft;14ffX«£26 3 
IE2L. CJi&WSIzi o OKH i~4 OMH z©22 

aaa * EPin l xawHtm x-7 i 22*8*2:75 

XV £ A<Jgffr * ?5Xv»£2. 
[0 0 2 3) i-fc. 3-f;K!5H?tts»;$W»-r4&ctl:i 

y, ^yajua^xratu ?9x?*i::2it«2 

ttfllffl^jafsSJBtrtictfC^S. *&l=, B1. 

»E7 3£E2U ?7X^*£*|5I::2 0-3 0 Off'? 
^©Mfc^aT-fcCtlcJiyfcffiaE^XvAWS 

^5X7*£I6 3«©?5X-7"H=I*» flf*«^-C» 

s i -s i 02 ) Kaffir*. 

[0 0 2 4] ^Ct. JRJC1i:tf*75X-?2*26 3,t 

fi(57"Dtx'y->6ot«)iai:. *aiwi=^is«att 

-0*5ttyj-y KfcLTtt. 2*14. 
' 7'*~ ¥■* • <f)<y K» -7';^ • X'J -i» K • s 
13 6 14. T^U* • T/t— • if 'J v K 1 0 1 

0U4. 22&3l>f422fcj!>^fc.S¥tSf::2ao. 1 
~3mmroj*1 0 3A«ffl|»C»ig$ti.T:tv5. 
tO 0 2 5] 27 14. - 7. <) v h ■ ^'J->K$5c 

•^sia-cfca. ?;u* • x'j s • -j ki 1 1 
(4. ^afcsiMSttaa^bfcasiMsi-ifflo. i ~ i m 

m<DX<) y hJMHStKlftlt&tiTHS. 7'J y Kl 0 
1. 1 1 1(4. #5D2l 0 5. 1 1 55?lCJ:y;7jOfr2<D 

Jta$f4^t*<s!* $ry ? n o 1 , iii 
^xvip^w'^vta^^-trosffiTf^sfKft 

[0026] ^irajR^s (ia«ffi) izouTKM-r 



y->2 0. 40> £lS?0-bxy->6 0!4222i 
2. 14. 16 (22^2) l=<fc-3Tffl«$*i. 
*i22»1 1 «T?Jt3S»ffltt»c»lH<03&M5^'r^c 
ffcfc*. *£#222i l«J*f::SS±l= 
l4ttW&ftTl*fcl^0l*ISI33tt£U ttAL"CfiJW^ 

2fc2-D©222. -ffcfc*>2R?a-t*:/-> ( 2 

.0. 4 0) tK«^P-bX'/->6 035'ff«E-r-5. CO 
2*. (2) 14. ffl»J|r«60D'/— >fr£,CDje# 

Ul/yir«k*«t2t. SJStt^o?31tll*fticj:*«t 
0. 40©EA$. SfS^n-bX'/— >6 0 J:iJK<f 

o. 4 0fza£As*i.-5ctAt|»jhsn. *a^D-t^y 

->2 0. 4 0(0ii-y-y h2ffi-C. ±2<b^«!A<«5fi!l 

C i: |= **j&t^ Kjt-f « c t t<H2 S. 
[0 0 2 7] »B*£Sit<5ZtJ±. 4ft. a«©i?- 

Q^'Z-VZO, 4 0<Dff* 14. 0. 8- 

1 Oxi 0-3 To r rA<»«Tffc*. Kfc^d-feXV- 
>6 0©SA (Jia*) IS. 0. 5~8xiO-3Tor 

[0028) (1) Xfi-j9<)>^9kn (S i) 
t9A«^J : 3. 6 kW 
SttiSS : lig 

««^D-bX7->«ES : 2. 0xl0"3Torr 
»«^;U5f|=HK« : 1 0 0 r pm 

B&mmmomt -. z~6*>?x ha— a 

(2) X'iy *i)>78t#. (2 r) 
13A*2> : 1. 9 kW 

fiJK^Q-b^V''— >rtQE^3 : 5. 0xl0~3Torr 
Stt^^yEUE* : 1 0 0 r pm 
H22»«(02* : i ~4t>?X hD-A 

(3) Sf4«^±35«0521tlft{4 
$2:191. 2l;2LfcR*l*a7?X-?g2* 
SA2* : 1 . 9 kW 

2* : 1 . 4 x i o-3 T o r r 
[0 0 2 9] h©affit?(021!f3K2 
SaaMl=B6jh-r-5fetfn ~20 0kHz<0MW!t?+5 

o~+2oovt^->7'^ hroatt^sic^-ti-^^irc 
?5 Lfc2*5£ ?5 X7 

AirjrSS^Lt^vXvir^irtH^n-b^V-^* 
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[0 0 3 0] Hl|C^L"C»MSffl^T^iajtlWitH 
yvhSESL, — *. *-y»h4 9l=ttT i, Zr 

u =n«w^o« % /->«o"c* ; 02 a»R(= 

3C»-fS. *«sWU*— 1 3SBKLTlMfc - f*BW 

*/^*LTT i *fcl*Z ra»»«»fi£L, S«I=T 
i o 2 ffcl«r0 2 |ffl5SP»©3E»5« l J)5Li:eW4: 
"f •SHIP© 7 i 02 *fc(*Z r 02 SHSJWM'*. & 
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